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Epothllon« C und 0,. H«rsti»lluny und Mitr.tfl 

Dim vorlieganda Erfindung bctrifft allgemein Epothilondarivaeft 
und daran Verwendung zur Kerstellung voa Arsnaimletalh. inaba- 
aondero batrifft dia vorliaganda Srfindung dia Keracellung dar 
Epochilondarivaca dar nachfolgand dargaacalltan allgamainaa For 

main 1 bia 7 aawia daran Varwandurg zur Haraeallung voa thara- 

/ 

pautiachan Mittaln und Mittaln £0r dan Pf lanzanachutx* 
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* 

la den vorgeehenden FosMla 1 blm Tormml 1 bedeucM: | 

R - H, Ci.4-Alkyl; 1 
R^, R^, R*, r5 . H, Cx-fi-Alkyl, i 

Cx-4-TrialkylailyX, 

Benxyl , j 

Phenyl « • 

Ci.^-Xlkoxy-, 

Cj-Alkyl-, Hydroxy und Kelogenn 
eubaclcuiercea Benzyl bzw. Phen)fl; 
wobel aueh zwei der Reata R^ bia. R^ su der Grupplerung *(CH2)a- 
mit n • 1 bia € suaamantrecen k6nnen und aa alch bail den in dan 
Raatan entbaltanan Alkyl- bsw. Acylgruppan urn gradkedeige Oder 
vera«^igea Raate handelt; 

y und Z aind entweder gleieh odar verachieden und acahan jaweiXa 
£ar Waaaaracoff , Halogen* via F« Cl, Br oder J» Paeudohalogen, 
wie -WCO, -NCS Oder OH, 0- (C^.g) -Acyl, O- {Ci.^} -Alkyl. 0- 

Benzoyl. Y und Z kAnnim aueh daa 0-ACom ainaa Epoxidoia aein, 
wobai Epothilon A und B nicht beanapruchc warden, odadr eine der 
C-C-Bindungen einar C«C-Doppelbindung bilden. 

In der rezmal 3 acahc X allgemain fAr *C(0)*, -C(S)-,; -S(o)-, - 
CR^R^-, %iobai R^ und R^ die Bedeucung haban wia oban angageben, 
und -SlRj*; wobai R die Bedeutung hac wie oban angege^n. 

Za der renaal 4 bedeucet X Saueratoff , Mtti^, N-NR^R^.| und N- 
NHOONR^r', irabai die Reata R^ bia R^ die oben angegebene Bedeu- 

cung haban. 

in der ronael S bedeutet X Waaaeratoff, Cx.x8*^>^y^' Pl-ia*Acyl, 

ft 

Benzyl, Benzoyl und Cinnamoyl. I 



! 
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FQr Epoehllon A und B sei v«twiea«n auf de-a-41 38 oia. 
Verbindungan gemAft d.r aUgemeinen Fo««.l i «i„d aua^ehend von 
Epofehilon A uad a aowie von deran 3-o- uad/oder 7.o.^e»chtttzten 
Derlvaeea dureh dffnung daa 12 , 13 -Bpoxid. zugangliehj Wardaa 

in ainem baverzuge nldhc wtaari- 
gen LAaunganittal alngaaaext. wobai man di« Halogenhydrlne X - 
Hal. y - OH und Y - OB, Y - Hal arhlle. Protonanatur^n wia a.B. 
Toluolaulfonaiure und Tri£,luoraaaiga*ure fOhren In Gagaawart von 
Waaaar zu i2.i3-biolan, dia anachliefiand nach ScandasdvarCahran 
aeyliart (z.B. mit Carbonaiuraanhydrldan und Pyrldia loder 
Triathylamin/OMAP) odar alkyllare . (Alkylhalogenlda udd Silber- 
oxid) wardan. Oia .3- und 7-Hydroxygruppen kOnnaa dazu vorHtoT' 
gahand ala Permiat (Abapaltuag mit MRa/MaOH) odar p-MatiJoxy- . 
banzyleehar (Abapaleung mit DOQ) geaehacze warden. 



Verbindungan gem&a der allgemeinen Tovmml 2 eind aua Bpochilon A 
und B sowia deran 3-0- und/edar 7-o-geachatzcan Derivacan darch 
Raduktion* z.B. mic NaBH4 in Methanol arhAltllch. Sink! dabei 3- 
OH und/odar 7.0H ravaraibal geachOtxt, ao kdnnen nachi Acylierxmg 
odar Alkylierung und Entfemen der Schutrgruppen S-O-monoaubaci- 
cuiarta, 3,S- oder S«7-o-diaubacicuiarca Darivaca dan allgenal- 
nan ForBal 2 erhalten verdan. 

* 
I 

Umaetxungen von Epochilon A und B mit blfunktioneXlam elektro- 
philan Raaganaian, wia (Thio)Phoagen« (Thio)Carbonyldimidaaolt 
Thionylchlorid odar Dialkylailyldichloridan bw. -biatriClatan . 
argaben Verbindungan der allgemeinen Forael 3. Ala KilCabaaen 
dianen dabei Pyridin, Trialkylamine, ggf . suaamman mii ONAF bsv. 
2tC*Lutidin in ainem nichtprotiachen L6aungamitcel • Die 3t7-Aee* 
tale der allgemeinen rozael 3 entatehen dureh umaeetaliaiarung 
2.B. von Oimethylacatalan in Gagenwart ainea aauran icatalyaa* 
tore. ' 



I 
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V«rbindung«n gemAfi d«r allgemeitien ronal 4 werden aat Epothilon 
A uxui B odar ihrcn 3-0- und/oder 7-o-ge»chatzcen D«rivacen durch 
Ozonolyse und redukeiva Aufarbeieung, z.B. mic Dimecbylsulfid, 
•rhAltan. pia C-16-Katona kdnhen anachlieOand naeh dam Pachmann 
gal«u<igan Standardvarfahran in Oxima, Hydrazone oOmx Semicartoa- 
soaa umgewandale wardan. sia wardan waiearhin durch Hiceig-, 
Wlttig-Rorner*. Julia> odar Patarsan-Olaflnlaruag in !c-l6/c-17< 
OlafiM Obarfflhre. 

Diireh Raduktlon dar C-16-Kacogruppa, z.B. mit einem Aluminium- 
odor Borhydrid, aind dLm i^-Kydroxyderivmte gemAft des allgemei- 
nen Totmml 5 erhiltlich. Oittse kdnnsn, w«na 3*0H und 7-OH mit 
•ntffprechenden Schutzgruppon vcrsehea aind, selc)cciv aeyliftrc 
Oder alkyllert %#«rd«n, Oi« Freiaetsung der 3 -OH* und T-OK-Grup- 
p%n arfolgt s.B. bei O-Fortoyl durch NHj/Maoa, bei 0-p-Meehoxy- 
besisyl dureh SDQ. 

Dim Varbindungan dar allgamainan Porsal $ warden aua .Oarivacen 
von Epothilon A und B arhaltan, bai danan dia T-OH-Gttuppe durch 
Acyl* odar Ethargruppan gaachi&tzt isc, in dam dia 3*0H-Gruppe 
s.B* fomyliart* ma^yliart odar toayliert und anachliaSand durch 
Bahandlung mit ainar Baaa e.B. DBtf aliminiart wird. Die 7«OH- 
Grupp^ kann wia oban baachrieben fraigeaetzt warden. 

Varbindiingea dar allgamainan PonMl 7 wardm aua Bpothilon A und 
B odar daran und 7«OH-gaachatztan Oarivacan durch haalaeha 

Hydrolyae arhaltan, z.B. mit NaOH in MaOH oder MaCm/Hhaaer. Vor- 
sugav^ia^ warden V«rbindungan dar alXgemainan Ponal 7 aua Epo- 
thilon A Oder B odar dmrmn odar 7-0K-gaachat2tan Oarivacan 
durch ansymetiacha Hydrolyaa arhalteni inabaaondere mic Satara- 
aon odar Lipeaen. Die Carboxylgruppe kann mit Diazoelkanen nach 
Schuts dar 19-0R-Gnippa durch Alkylierung in Eater umgawandalt 
werdan . 



«1 • 



/ 



Femar kftnnan Verbindungen der Ponal 7 durch Lacconialcnmg 
naeh dan Methoden von Yamaguchi (Trichlorbanzoyichlorld/OMAP) 
coray (Aldrichlol/Triphanylpho.phin) oder Kellogg (omega-Brom- 
94ura/Caaaiumcarbonae) in Varbindung der rez>al 2 umgawandalt 
warden. BinaehlAgiga Arbaicamechoden tlndan sieh ball 

Inanaga at al. in Bull. Cham. Soc. Japan. 53 (l»7t) issS; 
Coray « Nieolaou in J. Am. Cham. Soc. 9S (1974) S614; M 
Krultinga & Kallogg in J. Am. chem. Soc, i03 (1»«1J .5183. 

Zur Heraeallung dar arfindungagem&fien Verbindungen kann man aueb 
von Spothilon C odar D auagahan, wobei xur Derivaeiaierung auf 
dia vorseahand beachriabanan Oarivaciaiarungamachoden vezwiesen 
warden kann. Dabai kann man dia 12, l3-Doppelblndung aalakCiv 
hydriaran. baiapialawaiaa katalyeiach odar mlc Dlimln; oder 
epoxidieren, baiapialawaiaa mie Dime thy Idioxiran odea einer 
Paraiure; odar in dia Dlbaloganida . Oipaaudohaloganida oder 
Oiasid* unwandaln. 

Dim Erf tndung batrif £t famer Mittal fur dan PClanzanachucz in 
Landwirtachaft, Foratwirtachaft und/odar Gartenbau, beacahand 
aua •tnmv odar mahreren dar voracahand aufgafflhrten Epothilon- 
darivata baw, baaeahand aua ainem odar mahraren dar voracahand 
aufgafahrtan Epothllondtrivata naben einam oder mahrexen Obll- 
chan TrAger(n) und/odar Vardflnnungamlctel (n) . 

SchliaOlich batrifft dia Srfindung cherapauciacha Miccal, baaea-^ 
hand au0 ainar odmx mahraren der voratehand auCgefahrcen Verbin- 
dungen odar einer oder mehreren der voratehand aufgefOhrcen Ver^ 
bindungea neben einem oder mehreren ablichen Trdger(n') und/oder 
Verddnnungeoiitcel (n) • Dieae Hittal Ic6nnen inebeaonderp cycocoxi- 
ache AkCivit4ten ceigen und/oder Zmaninauppr eaa ion bewlrken 
und/oder zur Bekfta^Cung maligner Tumore eingeaetzt warden « wobei 
aie beaondere bevortugt eXA Cytoetatika vemendbar aind. 



* 
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Di. Erfindung wird in folgenden durch die Beochr^ibuag von mini 
gaa auagewAhlton Au««<Uirung«beiapielen nAher orl*ucl»rc ux»d be- 
8chrieb«n. 



I 
■ 

B«i0pi«l It 

v«rbiadttng 1a 

20 mg (0.041 mmol) Epochiien A w«rd«n m X ml Ac«ton .g«l6.t. mtt 
SO itl (0.649 mmol) TrifluoreasigsAure v«rs«cxc und Ober Naehe 
bei 50 'C gerthrt. Zur Aufarbeicung wird daa Reakcionegemiach 
mie 1 M Pheaphatpuffer pM 7 varaetze und dia wftftrige »haa« vicr- 
mal mic Ethylaeatae extrahierc. Die vereinigcan organiachan Pha- 
fl«n warden mic ges&eeigter Natriutachlorid-Waung gewj^achen. Ober 
Natriumaulfat geCroc)cn«e und voni Ldaungamiceal befreiic. Die Rei- 
nigung dea Rohproduktea erfolgt mit Hil£e der priparaciven 
Schichcchromatographie (Laufmiccel: Dichlorraethan/Actiton, 85 : 
15) . 

Aujibauca: 4 mg (is %) Zaomer I 

4 mg (19 %) Xaomar ZZ 

ZaoMar Z 

Re (DichlonMehaa/Aeacon, 85 > is) : o.4e 

'__ ■ ' 

Ift (gllmt , (ly • 3440 (m. b, Seh). 2946 (a. Seti) . 1734 

(va). 168« Im) , 14S€ (IB), U7$ (w) , 125« 
lu, Seh). 1190 (w, b. Sch). 1071 (m. 
Seh). 884 (w), 735 (w) cm'^. 

MS (20/70 aV>. m/m (%) . 493 (43 (M-H2O) -*^) . 394 (47) 30« (33). 

20< (30), 181 (40). 16< (72).:139 (100). 
113 (19). 71 (19). 57 (24). 43 (24). 
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I 

Ha£liaiiUiaiinai.C26H390«Hs b«r. 493.249a for tM-rtjoj* 

get. : 493.2478 

ZsoMr iz 

■ 

Rf (Pichlormethan/Aceton, 6 5 : 15); 0.22 

^P ^^ W^ ' ny - 3484 (a, b, Seh) , 2942 (v«, 9eh) , 1727 

(VB), 1570 (w), 1456 (in). 1380 (in) , 12«S 
la). 1190 (w), io«9 (m), 975 (w) , cm"^. 

M8 (aO/7Q ftY) i (%) . 493 (21 (M-HaOJ *) . 394 (12); 30fi (4«) , 

20« (37), 181 (63). 16« (99>, 139 (100). 
113 (21),. 71 (23), 57 (33), 43 (28). 

HflChmt l <>Wng : CjsHssOsNS b•r.^ 493.2498 fir (M-HjOl * 

gef.: 493.2475 

t 
I 

B«i«plal 2 1 
v#rbladung lb 

55 mg (0.111 mmol) Spochilon A warden in 0.5 ml Tecrahydrofuran 
gel6sc» mit O.S ml 1 N SalzaAurs varsetzt und 30 Ninucen bai 
Raumtemparatur gerthrt, AnachlleSend wird mit i H Pho»phatpu££ar 
pH 7 varsaC2t und dia wiSriga Phaac viermal mic Ethylacecac ex* 
erahiert. Dia varalnig;ean organiachan Phaaan warden mic geaAc- 
tigter Matrlumchlorid-Ldaung gewaachan, Qbar Natriumaulfac ga- 
troefcnet und vom Ldaungamittel bafreic. Dia Ralnigungi dea Roh« 
produktaa erfolgt mit Kllfa der prAparacivan Schichcehromaco* 
graphia (Laufmittal: Diehlormethan/Mathaxiol* 90 : 10 )u Auabeueas 
19 mg (32 %) 
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Rf (Dlehlormech an/Methanol, 90 : 10) ; 

(F il mh ny . 3441 (a. br. Sch) . 2948 (a. 3<ih) . 172S 

(vo, Sch). 14«2 (m), 1381 (w> 1 12S5 (m) , 

U54 (w), 972 (m. br. Sch) cmtl. 

I 

VY (Methanol) ; lambdaiB^ (Ig epailon) • 210 (4.29), 2f8 (4.11) 
nm. 

m 

MS \i9/7Q BY)? m/tt (%) . S29 (13 [M"!). 494 (10). 34a (38). 30C 

(23). 194 (32). 1«4 (100). 140 (31), 113 
(15), 57 (1«). 

■ 

HfiChlUilfiAUULi. C2«H4oO«CllI5 bar.: S29.226S £ur tM^l,. 

g«f.: 529.2280 j 

t 

V«rbindung le 

2S mg (0.047 mmol) 12 -Chlor- 13 -hydroxy ^epothilon A (lb) w«rden 
ia 1 ml Dichlormethaa gelAae, mic 29 mg (0.235 nunol) Olmachyl- 
aminopyridln, ISl m1 (1.081 mmol) Triechylamin und 20i m1 (0.517. 
mmol) 98 %-lg8r AiMlseaaAura verMtst. bmm R8«)ctionagemi8ch wird 
mie Eia/Nacriumchlorid abgektlhle. Nach Brraichan von "IS *C war- 
den dam Raaktionagamiach 40 mI (0.423 mmol) BaaigaAuraanhydrid 
zugagaban uad 70 Mlnutan bai 'is ^'C geruhrt. Hachdem ein DOnn* 
aehichechromaeogranm kainaa vollatAndigan Uteaacs anzeigc, wardan 
dam Raaktionagamiach waitara 6 mg (0.047 mmol) 
Dimathylaminopyridin» 7 |il (0.047 mmol) Triathylamin# . 2 
%-i9a Anaiaanatura (0.047 mmol) und 4 iil (O.047 mmol)- 
EaaigaAuraanhydrid xugaaaese und 80 Minucan garOhrt. Sur 
Aufairbaitung v#ird daa Raaktionagamiach au£ Raumtemparacur 
arvimt, mit 1 M Phoaphatpuf far pH 7 vara<»tzt und dia!wA&riga 
Phaaa viaraal mit Ethylacatat axtrahiart. Dia varainigcan 

a • 

* 

i 
j 

I 
I 

I 

I 

I 



0.46 
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Rf (Dlchlonnethan/Acecon. 90 : io> : 



0,67 • 



ny 



3457 (w, b, Sch), 2340 (s, b, 3ch) , 1725 
ivB). 1468 (m, b, 3eh), 1379 (m) , 1265 
(»). 1253 (8), U7S (vfl), 972! (m. b, 

Sch), 737 (9) 



MS {2Q/7Q ^y) ' m/% (%) - 613 {9 .(mM)/567 (43), 472 (63), 382 

(23), 352 (21), 164 (100), 151 (33), 96 
(31), 69 (17), 44 (26). 



Bttl«pittl 4 1 

VMbiadung Id 

10 mg (0.020 mmol) Epcthilon B warden in 0.5 ml Tecrahydrofuraui 
gttl6ac, mic 0.5 ml 1 N SalscAuro veraecst und 30 Minuten bei 
Raumtemperaeur gerOhrt. Anachliaftand wird mic 1 M Phoaphatpuffer 
pM 7 varaacxt und dia wAftriga Phaaa viermal mic Schylacacac ex- 
crahiert. Die vareinigcan organiachan Phaaan warden mic gaatc- 
&igcar Kacriumehlorid-Maung g.awaaehaa, Ober Natriumaulfac ge- 
croeJcnac und vom Ldaungamiccal bafraic. Dia Ralnigung! daa Roh- 
produktaa arfolgc reic Hilfa dar pr&paracivan Schichtehromatogra* 
phia (Laufmitcal; Dichlorma Chan/ Ace con, 85 : IS). 
Auabauca: 1 mg (9 %) 



HochauflSflungy C2dH4o09NSCl bar. : 

gaf . : 



613.2112 fur (M^J 
613.2131 
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I 

Rg (Dlchlormethan/Aceeon . 8S : is) : o.38 

Ma ( 2 g/70 ftV) ; «/• (%) - 543 (3 IM*1), S07 (14). 320 (19). 234 

(9), IM (17), 182 (23), leiidOO). 140 
(22) . 113 (14).. 71 (13) . 

HftChauflfltniTlff- C27tf420gMSCl ber. : S43.2421 fQr ifM^] 

gaf.: 543.2405 

t 
I 

I 

Baiaplal St 

V«xblBdung 2 a 

4 

100 mg (0.203 mmol) fipothilon A werden in 4 ml Tecranydroturan/l 
M Phosphatpuf£ar pH 7 (i : ij geldat und aolanga mit Natriumbor- 
hydrld (150 mg m 2.96& mmol) versetst bis das Eduke iaue Maa- 
schlchtchromatogramm vollat4ndig abreagiart lat. AnadhlieSend 
wird mit 1 M Phoaphatpuffer pH 7 verdOnnc und dia wdflrige Phaaa 
vlarmal mie Ethylacetac axtrahiart. Die vereinigcen arganiachan 
Phasen wardan mic gaaittigter Katriumchlorid*Ldaung gawaachenr 
abar Hatriumaulfat gatrocknae und vom Ldaungsmiecel befraic. Dia 
Rainigung daa Rohprodukcea arfolgc durch Kiaaelchrom&cographie 
(Laufmieeels Oicfalormathan/Acaton, 53 ! 5 • grad - naeh Dichlor* 
machan/Aeaeoar 8S : IS) . 

Auabauga; (16 %) 

Re (Dlchlermathan/Acaton, 75 : 25) : 0.27 

tn (Pilwi t ny . • 3413 (a, h, Seh) . 2965 (vt. seh) , 1734 

(V8) . 1458 (m, b. Seh) , 1383 dm, Sch) . 

12€4 (8, b, Sch). 1184 (m, b. seh). 1059 

(s. Seh), 966 (8), 885 (w), 73i7 (m) cm~^ 



I 

i 



I 



I 



I 

I 

I 
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MS f 2 Q/7g qV) • m/e (%) - 49S <S (M*) ) , 477 (8), 432; (12), 394 

(9), 354 (16). 306 (49), 194 :(19) , 178 
(35). 164 (100), 140 (40), 83! (21), SS 
(27) . 

aasiiaiiflfiaanai. CjgHiiOsMS tzs.-. 4ss.26S5 far cm*] 

SeC.s 495.2623 

• 
i 

I 

B«lapi«l €t 

100 tng (0.203 mmol) Epochilon werden in 3 mi Pyridln geld»c, mlt 
50 Ml (0.686 mmol) Thionylchlorid veraeczt und 15 Mlnuten b«l 
Raumeemparacur gerthrt. AnaehlieSend wird mit i n Phaaphacpuf £er 
pH 7 verseczc und dia wA&riga Phaaa viermal mic Ethylacetsc as* 
trahiert. Oio vereinlgcan organiachan Phaaaa wardan mic geadc- 
tigtar Natriumchlorid-Lfiaung gawaachen, Obar ilatriumaulfac ga- 
trocknat und vom LAaungamittal bcfrait. Die Reinigung dea Roh- 
produkcaa und Trannung dar viar SCaraoiaomerea 3a-d ertolgc mic 
Hilfa dar pr&parativan Schichtchromacographia (Laufmlccel: 
TOluoI/M«thanol« 90 : 10) . 

varbiaduag 3a 

• ! 

Auabaufea; A mg (12 %) 

I 

Rf (Toluol /Mthanol. 90 t 10): 0.50 

TP fPllml « ny • 2961 (m. b. Sch) . 1743 (va) , 1.701 (va) , 

1465 (m, Sch}« 1389 (ffl, Sch) . ;1238 (a. 
Sch) , 1210 (va. Seh) . lOll (8.j Sch) , 957 
(B, b. Sch), 808 (m, Sch), 768 (a, Sch) 



I 

flSLiaathanftili. lambda„^ (Ig apsilon) - 210 (4.50), 2ft8 U.35) 
nm. 



HQm eY). L m/e {%) . S39 (40 (M*] ) . 457 (22), 3«2 (16), 31« 

(27» . 222 (30), 178 (30), l(4i (100) ,' 151 ' 
(43), 96 (38), 69 (29). 55 (2B) . 42 (20); 



HoehaufTAmmflr. C26U37O7N32 ber 



Varblnduag 3b 



539.2011 CQr (M*l 



AuBbftUf ^ 14 mg (13 %) 

Rf ( Toluol /Me thanpl* 90 : 10): 



0.44 



IR (rilm),; ny 



2943 lB.br, SCh), 1740 (ve), 1703 (a», 
ISIO (w), 1444 (m, br, Sch), 1389 (m, 
SchI, 1240 (s, br, Sch) , 1142 ;(m), i076 
(w), 1037 (w), 1003 (m), 945 im, br, 
Sch), 806 (m, Sch), 77S (•) , 737 (m) cm 



HY (f^gthanol) ; lambdEflggi dg epsilon) • 2ii (4.16), 2So (4.08) 
nm. 

MS < 20770 my\ . m/O (%) . 539 (27 [M^] ) . 475 (17)-, 322 (41), 306 

(67), 222 (16) « 206 ( 17) « . 194 ) (19) . 178 
(32) « 164 (100) « 151 (33), 12S (18), 113 
(IS), 96 (39), 81 (23), 64 (58), S7 (42), 
41 (19) . 



lib C26H37O7MS2 bor.: 

96£. : 



539.2011 fOr [n^] 
539.1998 
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i 

V^rbiaduag 3o 

Rf ( Toluol /Me Chano l, 90 : lO) t 0.38 

n? f?P/7Q rtVL L (*) , 535 (5i iM*l). 322 (22). 3O6 (53). 222 

{3«). 17a (31). lU (100), 151 (41), 96 
(25). 81 (20). 69 (26). 55 (2$) , 41 (25). 

Hggtiauf Ifigynq ■ C2 gHj 7O7M32 ber.: 539.201X far [M^l 

gef. : 539.2001 

V^rbiadtiag 3d 

- 1 

Auflb#ug#| 1 mg (1 %) 

Rf (Toluol /Methanol, 90 : 10) : 0.33 

US (2Q/7Q ttY) ? m/m (%) - 539 (69 (M*] ) , 322 (35), 305 (51), 222 

(41), 178 (31), 164 (100), 15X (46), 96 
(31), SI (26), 69 (34), 55 (33), 41 (35) 

HQehaufl&atifiy. /y^^tf^y^^Mflj ber. : 539.2011 iHr (M^l 

gef.: 539.1997 

Beleplel 7t 
Verbiaduag 4e 

10 mg (0.020 mmoX) Bpothiloa A werden In 2 ml Olchlormethan ge* 
Idee, euf -70 abgelcdhlt und eneehlieSend 8 Minuceaimic Ozoa 
bie zur echveehen BlaufArbung behandelt. Dae resulcierende ReaJc- 
Clonegeaieeh wlrd aneehlieflead mit O.S ml Diraethyleulfld ver« 
setzt und auf Raumcemperatur erwArac. Zur Au£arbeit\mg wird dae 
Reaktlonagemlech vom LAeungamictel befreic und achliefllich durch 



« 
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priparative Schichcchromaeographie (Laufmictel Dlchlor 
methan/Xcecon/Mftthanol. 8S : lo : S) gereinigc. 

AmbCUCfti S mg (64 %) 

Rg tDichlornwthan/Xcecon/Maehanol, 8S : lo •. S) ; 



0.61 



IB fr i lmU ny . 34«8 (a. br, sch), 294? (a, br. Schj , 

1734 (va, sch), 1458 (w) , 1380 (w) , 1267 
(*»>, US7 (w), 108O (w), 982 (w) cm"^. 



tfV f MQChann] ) lambdaMu, 1^9 epailon) • 202 (3.53) 



nm. 



MS {ZQ/-X} ftV) r m/a (%) . 398 (2 lM*l). 380 (4), 267 (14). 249 

(17), 211 (20), 193 (26), 171 (34), 139 
(34), in (40). 96 (100), 71 (48), 43 
(SO) . 

r 

Hochauf Iflauno; g-^j^Hj^Q^ bar.: J9a.230S fOr [H^] 

get.: 398.2295 



Varbladuag Sm 

10 mg (0.019 mmol) 3, T-Di-O-formyl-epochilon A werden in l ml 
Dichlonneehan geloac, mic 27 ^1 (o.iao mmol) 

l«8-0iaxabicyelo(5.4.0]undec-7-en (DBU) v«r«eczc und 60 Minucen 
bmi RaumC€mp«r4Cur gerfihrt. 

Zur Aufarbaieung i#ird da9 Reaktionagemiach mit 1 M Macriumdi- 
hydrogenphoaphac- Puffer pH 4.5 veraeest und di« wMtigm Phase 
viarmal mic Ethylaeetat axcrahiere. Di« vereinigten organischen 
Phaaen werden mit geaAttigcar Naeriumchlorid-L68ung gjewaachan, 
Qbar Nacriumauifac gatrocknec und vom Ldaungamiccal befreic. 
Nach Beaeicigung daa Ldaungamitcal wlrd daa raaulcierende Roh* 
produkt in i ml Methanol gel6st« mit 200 i^X einer ammoniakali- 
eehan Methanol Idsung (2 mmol NK3/ml Methanol) veraetzt und aber 



Macht b«i Raumcemperacur gertthrt. 2ur Aufarbeitung wlrd daa LA 
aungsmlKcel im Vakuum enefemt. 

Auab«»M>- 4 mg {22 %) 

Rg (D ichlormeehan/Acacon, 85 is) " o.4« 

IR (Filml I ny 



(w, br, Sch), 2»S0 (ve, br, Sch) , 

1717 (v«, Sch), 1S44 (w). 1465 (m, Sch) , 
1370 (m. SCh), 1267 (d, br, SCh) , 1179 
(»* Sch), 984 Sch), 860 (w), 733 (m) 

cm* ^ 



VY (Methflnql ) - lambdafn'^^^ (Ig epailon) • 2io (4.16) nm; 



MS (20770 . m/< 



(%) - 475 (20 (M*J), 380 (21), 322 (37), 318 
(40), 304 (66), 178 (31), 166 1(100), 151 
(29), 140 (19), 96 (38) , 81 (20) , 57 
(26). 



HQehaufl&guni;!^ C26K37C5HS 



ber. : 
gef . 



475.2392 
475.2384 



: [MM 



Bttiapisl 9t 

v«rbiadung 6b 



50 mg (0.091 nraol) 3 , 7.oi-0-£onnyl-epothilon A (werden in i nd 
Dichlorethan geldtc, mlc 2 ml (0.013 mol) 

l,8*Diasmbieyclo(5.4.0]undee-7*«n (DBU) v«rseczt und 12 Scund^n 
bei 90 •C gtr^hrt. 

Zur Aufarbaitung wird daa Rea)ctionagemiach mic i M Kacrlumdihy- 
drogenphO0phac-Pu££ar pH 4.5 verseczc und dia wASrige Phase 
vlarmal mic Ethylacetat extrahiert. oia varainigten organiaehaa 
Phasan wardaa mlt geaAttigter Natriumehlorld*LAaung gewaachan* 
ub«r Natriumaulfat gatrocknac und vom Ldaungamictal befraic. 
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Die Rainigung deo aue zwei Verbindungen beatehendun ROhproduJccea 
erfolgt mlteels pr&parativar Schlchtchromacographie (taufmictel: 
Dichlormachan/Acecon, 90 ; lO) . 

Auabgm>^. 7 mg (15 %) 
Subatanaeode 

Rg (Dichlormethan/Ace con, 90 ; lo) : o.62 

■ 

IR (F il m) r ny • 2951 (ra, br, Sch) , 1723 (va) , i$44 (w, 

br; Sch), 1468 (w) , 1377 (w) , 1271 (m, 
br. Sch), 1179 (a)^ 987 (m, bri Sch) , 735 
(w, br, Sch) cm'^. 

UV (MtfthariQl^ . lambdam^ (Ig apailon) • 210 (4.44) nm. 

MS f2g/7g gVl i <n/e (V) . SOS (68 (M*] ) 40S (39), 39aj (32), 334 

(25), 316 (34), 220 (21), 20$ (27), 194 
(20). 18X (33), 1S4 (100). 151 : (34) . 139 
(28), 113 (20), 9$ (82), 81 (33), 67 
(24) , S5 (26) , 43 (22) . 

tfoehaufiaauna: g^^H^^o^wfl \^mi^ . 503.2342 fUr [H'^) 

gei.i 503.2303 



Balapial 10 i 
Varbiadttag Co ^ 

5 mg (0.009 mmol) 3* 7*0i*0-aeacyl-epothilon warden in 1 ml 
MathanQl galdat, mit ISO /il ainar ammoniakaliachan Machanol* 
Idaung (2 mmol NHs/ml Methanol) veraatzc und Qbar Naeht bai so 

•C garOhrc. 

Zur Aufarbeitung wird daa LAaungamictel im Vakuum encftimt. Die 
Rainigung dea Rohproduktaa erfolgt mit Hilfe der prAparativen 
Sehiehe chroma tographia (Laufmittal; Toluol /Methanol, 90 : 10). 
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Auabcutq;^ 3 mg .($7 %) 

Rf tPichlormethan/A ctcon, 90 : loj ; 0.55 

IS <r i lml t ny • 2934 b, Sch) . 1719 lv«, bi Scft) . 1641 

(m), 1460 {m, seh), 1372 (a, sch) , 1237 
(vs. b, Sch), U79 im, Sch), 1020 (a), 
963 («, Sch). 737 (va) cm*''. 

tfV (MeChangl ) r lambda^, (I9 epsilon) - 210 (4.33) nm. 

Hg (2Q/7g ftY) r ««/• (V) • 517 (57 {M*I). 422 (SB). 318 (31). 194 

(20), 181 (34). 166 (100). ISl (31), 96 
(96). 81 (32). 69 (27), 53 (29). 43 (69). 

Haehaufiaaiiny. C2sM390cN5 bar.: 517.2496 COr [N'*')! 

gef. : S17 2492 

« 

B«l«pi«l 11: 

Verblndung 7 a 

« 

20 mg (0.041 mmol) Epothilon warden in 0.5 ml Methanol geldet, 

ft 

mic 0. 5 ml 1 H Naeronlauge verseesc und 5 Minucen bell Raumcetnpe- 
racur garQhrc. 

Zur Aufarbeitung wird dae Reakcionagemisch mic 1 M Phoaphac- 
puffar pH .7 varaetzt und die wftftrige Phaae viernal mic h;chyl* 
acatac axtrahiart. Die vereinigten organiachen Phaaem warden mic 
gaeAttigtar Kaeriumchlorid-L6aung gewaachan, Qber Naeriumaulfac 
gatroeknat und vom Ldaungamiccal befreic. Die Reinlgung dea Roh* 
produktaa arfolgt mic Hilfe der priparaciven Schichcchromaco* 
graphia (Laufmittal: Oichlormechan/Mechanol, 95 : 15) ; 
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Au«bftUC«»; 11 mg (52 %) 

Rt (DichlorTOth«n/M«th«no l, 8S : IS): 0.92 

IR (F i lmt T ny . 3438 (s. br, Sch). 2m (v*, br, Sch), 

1703 (v«). 1S07 (ml, 1460 {•,!Sch). 1383 

(m, Sch). 1254 (w), 1190 (w, br, Sch), 
1011 (w, br, Sch) , 866 (w, br^ , 729 (a) 
cm*'- 

■ 

MS (20/7Q gV) 1 m/c (%) . 423 (0.1 [M*J ) • 323 (4), 16^ (89), 140 

(100), 8S (31), 57 (67). 

tfgghaufiaauna; ^22^27^i^^ ber.: 423.2443 tar [m^i 

get.: 423.2410 



Baiaplal 12 t 
Varbladuag 7b 

5 mg (0.009 mmol) 7-0- Acetyl -epothilon warden in 1 mil Mechanol 
gel68t, mit 200 >il einer ammonittkaliachen Mechanollddung (2 mmol 
KKj/ml Methanol) veraetst und zwei Tage bel 50 *C gerOhrt. Zur 
Aufarbeitung wird daa LAaungamittel im vaJcuum entfernt. Die Rai* 
nigirng dea Rohproduktea erfolgt mit Kilfa der praparaciven 
Schichtchromatographie (Laufmittel$ Toluol/Nethanol, 90 : 10). 

Auab#ufce t 3 mg (59 %) 

Rf (OiehlertMehan/M«thanol, 90 : 10): 0.63 

IB rFllm) i ny • 3441 (m, b, Sch) , 2946 (•, Sch) , 1732 

' (va). 1600 (w), 14S1 (m), 117S (m) , 1246 

(8. b, Sch) , 1013 (m, b, Sch) :cm'^ 



lambdsMa dg «pailen) • 211 (3. 75), 247 (3.S9) 



nm. 



M3 (2g/7g flV) ; m/e (%) - S67 (l (m*) ) . 4» (4). 422 (7) . 388 

(5). 194 (5). 182 (7), 158 (S3). 1S4 
(17), 140 (100). 97 (10). 71 ^22). 43 
(a?). 

»^'^hi>v il^rvr^-^ ' C29H4sOsy3 bar.: 3€7.2a6< far iMf] 

get.: S87.2849 

i 

8«i«pl«l 13 I 

SO mg Epcthilon A werden in 20 a»1 Dlmethylaulfoxid angalAac und 
mit 30 ml Phoephatpuffer (pH 7,1, ao mM) varddnnt. Nach Zugaba 
von 5 mg Schweinelebareaeera«« (Pa. Boahrlnger Mannheim) wird 2 
Taga bei 30 <»C gerthrt. Han aiuerc mit 2 N HCl auf pH'5 an und 
axtrahiarc die Epothllona&ura 7 mic Ethylacscac. Die organisehe 
Phaae wird mit Natriumaulfat getrocknet, im Vakuum zur TrocJcne 
eingadampft. Auebeuta 48 mg (96 %) . 



Beiapiel 14 t 

4 8 mg EpoehilonaAure 7 warden in 6 ml THP aba. geiaat und unear 
RQhran mit 40 m1 Triathylamin und 1$ m1 2.4,6-Trichlorban2oyl- 
chlorid veraetzt. t9aeh IS min wird vom Niederachlag abCilcriart 
und innerhalb von 15 min unter achnellem Rahren in eide aiedende 
Ldaung von 20 mg 4*0imethylaminopyridin in 200 ml Toluol aba. 
getropft. Nach waitaran 10 min wird im Vakuum eingedampCt und 
der RQckatand twiaehan Ethylacatat/Citratpu££er (pH 4)i vertailc. 
Der Eindampfrtlckatand der organiaehen Phaae ergibt naoh prApara* 
tivar HPLC Trennung IS mg Bpochllon A. 



» 
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B«i«pl«l 15s 

Spothilooa C und o a1« Ausgaaffffvarbindtingm 

X. ProduktioasseuB una Kulturbadlagung^ m6«pr»chMd dam spo- 

B. Produktloa mit DSN 6773 

75. 1 Kulcur werden wie im Basiapaeent beachrieban angezogan und 
sum AnimpCen miwB Produktionafarmencera mic 700 X 
Produktionamadium aua 0.8 % StArka, 0.2 * Qlukoaa, 0.2 % 
Soyamehl. 0.2 % Hafaaxtrakt, O.i % Cadj x 2H2O, 0.x \ Mg504 x 
THjO, 8 mg/l Pa-BOTA, pK » 7.4 und opctonal 15 1 Adaorberhara 
Ainbarlica XAD-I6 verwandat . ' Dia Fermentation dauarc 7 - 10 Taga 
bai 30 Balufcung salt «.? luft/h. 3orgh fteguiierung der 
Drehzahl wird der pOj bai 30 % gahaltan. 

C. Zaoliaruag 

Daa Adaorberhara wird rait einam 0,7 m^, lOO meah Proaafifiltar 
von dar Kultur abgacrannt und durch waachan mit 3 Battvpluraen 
tfaaear/Methanel 2:1 von polaren Beglaicacof fan befralc. Durch 
Elution mit 4 Bettvolumea Methanol wird ain Rohexcrakt ga%fonnan* 
der i. Vak. bia zum Auftratan dar waaaerphaaa eingadampfc wird. 
Dieae wird draimal mit dam glaichan volumen Bthylacacac 
extrahiere. Bindampfan der organiachen Phaae ergibt 240 g 
Rohextrakt^ der swiachen Hethanol und Kapcan varteilc wird, urn 
lipophile Begleitatoffe abautrannen. Aua dar Methanolphaae 
werden dureh Bindampfan i. Vak. 180 g Ra££inat gawonnen, daa in 
drei Portionen Ober Sephadex UI-20 (S4ule 20 x 100 cm,i 20 ml/min 
Methanol) fraktioniert wird. Die Epothilone aind in der mit 240 
* 300 min Retantion.ezeit aluierten Fraktion von inageaamt 72 g 
enthalten. Zur Trannung der Epothilone wird in drei Portionen an 
Lichroeorb RP«lt (IS MAf SAule io x 40 cm, Laufmittel 180 ml/min 
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Methanol /Wa«8«r £S:3S> chromatographiert . »ach EpochHon A und a 
warden mit - 90-9S min EpothHon C und lOO-iio min Bpochllon 
D eluiert und nach Bindampfen i. vak. in einer Auabauce von 
jewalla 0.3 g ala £arblostt Ola gewoiinen. 

0. Pbysikaliflehe li?esiech&fiten 



R 




Epoch! Ion C R • K 
Cpochilon 0 R • 0X3 

Epoehiloa c 

C2€H39N05S [AlV 

ESZ-MS: (potficiv lonen) : 478. S tHr [M<i>H)^ 
IH und 13C alehc NMR-Tab«Ut 

■ 

DC;Rf • 0».82 

OC-AlufoU« 60 P 2S4 Merck. Laufmiccel; Dichlormethan/Methanol • 

9:1 

Datekcion: UV-Ldaehung b«i 2$4 nm. Ansprvhan mic Vanillin-dehwe- 

£el8iurtt^R«aganz, blau-graue AnfArbung bairn: Erhitsen 
auf 120 



HPLC:Rt • 11. S min 

Stula: Nueleoail IQO C«18 7iim, 12s x 4 mm 



I 
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Laufraltcel: Methanol/Wasiar > 65:3S 
Flutt: iml/rain 
Detection : Diodenarray 

spoeiiiion D 
C27H41N05S C4911 

ESI-MS; (poaiciv lonen) : 492, S Mr (N«H] 

* 

IH und 13C aleh« NMR-Tabelle 
OC:Rf • 0,82 

OC-AlufoU. 60 P 3S4 Merck, Laufmittel: Olchlormechao/Mathanol ■ 

9:1 

Datekeion: UV-Wachung bei 2S4 nm. Anaprthan mlc Vaniilin-Schwa- 

falaiure-Reagens, blau-graue AnfSrbung bairn Erhltran 
auf 120 "C. 



HPLC:Rc . 15,3 mln 

Sdula: Nucleoail 100 C-18 7/im. 125 x 4 mm 
Laufmieeal: Maehanol/Waaaar - 65:35 
Pluft: Iral/miA 
Daeectiofi: Oiodanarray 
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Tabella: 'H-un4 '^C-whr oaCM von BDOChllon ^? ....^ ..w., 
tO,lDMSO b«l 300 m% BPOcftiion C und Fpochllon o la 




spochilon c 



Epoehiion d 



K-Atom 






n 


6 


C-Ato«i 






1 

• 


170.3 




Xi 




2.3$ 


2 


35.4 


2.35 


1 

3 « 


2-Kb 


2. SO 


3 


'71.2 


2.35 


3 • 


3-H 


3,57 


4 


S3.1 


4.10 


4 : 


3 -OR 


S.X2 


5 


217.1 


5.05 


s 




3 .07 




45.4 

• 


3.11 


5 


7«R 


3.49 


7 


73.9 


3.45 


7 


7-GH 


4.44 


• 

8 


39.4 


4.45 


5 . 




1.34 


9 


37.5 


X.29 


9 




I.IS 




30.0 


1.14 


10: 




1.40 


IX 


27.5 


1.35 


ll: 




1.15* 


12 


124.4 


1.14* 


12 i 


10-Kb 


1.3S» 


13 


133.1 


1.35» 


13 




X.»0 


14 


31.1 


1.75 


14 . 


lX*Hb 


2.19 


15 


75.3 


2.10 


15i 




5.3$*» 


15 


137.3 




15 > 


13-H 


S.44«* 


17 


1X9.1 


S.05 


17 • 


14-Ka 


2.3S 


15 


193.1 


2.30 


15 : 


U-Kb 


a. 70 


19 


1X7.7 


2.55 


19 • 


1S*H 


5.27 


20 


154.2 


5.29 


20 ' 


17-H 


6. SO 


ai 


10.5 


5. 51 


21 . 


I9-H 


7.35 


22 


20.5 


7.35 


22 


21-K) 




23 


aa.5 


2.55 


23 


aa-H, 


0.94 


24 


15.7 


0.90 


24 ! 




1*21 


25 


15.4 


1.19 


25 


24-H, 


l.OC 


27 


14.2 


1.07 


25 


as-K, 


0.90 






0.9X 


27 


ac-K, 








1.53 




a7-H, 


2.10 






2. XX 





(ppm> 



170.1 

39.0 
70.5 

53.2 
217.4 
44.4 

75.5 
35.3 
39.5 
25.9 
31.5 
U5.3 
120*3 
31.5 
75.5 
137.2 
119.2 
1S3.X 
117.7 
154.3 
15.9 
19.7 
22.5 
15.4 
15.4 
22.9 
14.1 



Zuordnua^ v«rtAu«ehbar 



I 
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B«lsplal 15 1 

Zpethllea X uad 12,l3.»l,«pi.,pothUoa A aua Bpoeftllioa C 

Acaeoa g«loae undl mis i.s mi 
ainer 0.07 melaren Ldaung von Oimethyldloxirati In Acacon ver- 
saezc. Nach 6 Stundan Seahan bei, Ratimcea^eracur wirii 1. vak. 
aingadampft uad durch priparaciva hplc an Xiaaaigal iCLaufmlctel 
Mathyl-earc .butylathar/Pacrolather/Mathanol 33 : 6« U) I gecrenne . 

I 

* " 

Ausbeute : 

25 mg Epoehllon A, • 3.5 min (analyc. HPLC, 7 m«i ■ SAul« 4 x 

250 mm, Laufmittal 3. o., Fluft 1.5 ml/min) 

und ' . 

20 mg 12,13-BiMpi-epQthilon A, - 3 . 7 mln. ESI*M3j (po«, 
lonen) ' 

m/z m 494 (M*H)^ 

^H-NMR in (D4] Methanol I auBge- 
wihica Signala: dalta •;4.32 

(3-H), 3.79 (7.H), 3.06 (12-H), 
3.16 (13-H). 5.S4 (15-HI, 6.69 
(17-H). 1.20 (2a-H), 1.4S (23-H) . 



ua 



it I 




12 .13>Bi0api-epeehUon A R • H 
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1. Epochilonderlvat dar Pormel 1 




1 



wob«t R • H, Cx.4-Alkyl; R^, R^ - H, Ci.j-Alkyl, Ci^g-iAcyl, 
Bftntoyl, Cx.4-Trialkyl8ilyl« Benxyl* Phenyl, Cx.fi-Mlcoxy-, 
Al)eyl-« Hydroxy- uad halogentfubstifeuiertea Bensyl bsw. Phenyl; 
und es eieh b#l dra in den RMcen enehaltenen Alkyl- bsw. Acyl* 
gruppen um gradkettlge oder verswelgte Reate handalt# und Y und 
Z entvadar glaieh odar varaehledan aind und jawaila £4r 
Haaaaracof£# Halogan« Paaudohalogen, OR, 0* (Ci.f) •Acyl, o«(Cx. 
^)-Alkyl odar 0-Bansoyl atahan odar gamainaam daa 0- Attorn einea 
Epoxide odar aina dar C^C^Bindungan ainer C-C-Doppalbindung 
bildan« wobai Epothilon A und B auaganooian aind. 

I 

2. Spothilonderivat dar Pornal 2 




■ 

I 



I 




wob«i R • H, Cx.4-AlJcylv R^. R^, R^ - H, Cx-^-Alkyl, C^.^-Acyl, 
Bttnsoyl* Ci.4-Trialkyl8xlyl« BMzyl, Phenyl, Cx-s^Alkexy-, 
Al)cyl*r Hydroxy uxid halogenmibstituiertea Bansyl baw. Phenyl; 
es sich bei dea in den Resten entheltenen Alkyl- bsw« Acyl- 
gruppea um gradkeccige odar varxwaigea Raata handalt;,und y und 
Z dia Badaucungan gamAft Anapruch l baaicsen. 

* 

3. Epochllonderivat der Foxntl 3 



R 




I 
I 



I 



I 
r 

I 
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I 

I 

wobci R - H, Ci.4-Alkyl; R^, . h. C^.^-AlJcyl. Ci.glAcyl, 
Benzoyl, C1.4-Trialkyl.ilyl. Benzyl, Phenyl, Ci^e-Alkixy-, C^- 
Alkyl*, Hydroxy und heXo^eneube^icuier^ea Bensyl bswi FhenyX^ 
ea sich bei den in den Aeeten enthaltenen Xlkyl- bsf«. Aeyl- 
gruppen urn gradkectige oder verzweigce Reete handelt, und X all- 
gemein fflr -0(0)-, -0(3)-, -3(01-, -CR^R^- und -SiRa- ateht, wo- 
bei R, und die Bedeueung haben vie oben angegeben und R^ 
und R^ auch zuaaimnen eine Alkylengruppe mi& 2 bie 6 K6hlenoto££- 
aeomen bilden ktanen; und Y und Z die Dedeucungen gemis Aneprueh 
1 beeitzen. 

I 

4. Epoehilonderivec der Pormel 4 

< 




9 

i 



4 

wobvi R • K, Ci.4-Alkyl; R^, R^, R^, R*. R^ - H, Ci.grAiJvl. 
C],.s>Acyl. Bftnteyl, Cx-4-Tri«lleyl«ilyl, B«asy L . Ph«ny). . Cx-«- 
Alkoxy, C<-Alkyl-, Hydroxy- und hale9en«ub«titttiortftii Baasyl 
biw. Ph«myl; «a aich bei d«a la dea Rese«a «aehalcea«a Alkyl- 
bxw. Aeyl9xupp«a urn gradkateigc od«r v«rsw«igee Re«e« handelt, X 
S«u«r«Coef, HOR*, V'Vk*ffi, und M-NHCOMR*R* b«d«tte«c. Vobttl dio 
Reata r' bia dla ebaa aag«g«b«t« Badautuag habaa uhd R* uad 
R* auch »ua«im«an aiaa ADcylangruppa mit 2 bia < Kohl«hato££- 
acoiMn bilden )c6nnen; und 

Y und 2 die Bedeutungeh gemlft Anapruch 1 betit«en. 



* 

I 

I 



I 
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5. Epoehilondcrivac d«r Formal S 



R 




5 

Benzoyl, Ci.4-Trialkyl»41yl, Benzyl, Phenyl, c^.g-Alkoxy-, c^- 
Alkyl*« Hydroxy* und halogensubatituiertee Bensyl bswi Phenyl i 
ee eich bei den in deh Reeeen enehaltenen Alkyl- bsw. Acyl- 
gruppen urn frsdkettige oder versveigts Rests handele, und X 
Waeaeretoffr Cx-xs'^^^^* ^1-18*^^/^* Benxyl, Benzoyl, und Cinna 

zioyl bedeucee und 

Y und Z die Bedeucungen gemAfl Anapruch 1 beeitzen. 

S. Bpothllonderivat der Formel 6 




6 



• t 

I 
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wobei R • H, Ci.4-Alkyl and r'^ - h, Ci.^-Alkyl, C^.^-iicyl, 
Benzoyl. Ci.4-Tri«l)cyl»ilyl. Benxyl, Phenyl, Ci.g-Alkixy-, 
Alkyl*, Hydroxy* und tialogenaubseieuiareea Benxyl bzwj Phenyl 
iflt; ea eich bei den in den Reacen encheltenen Al)cyl- ibsv. 
Acylgruppen urn gradkettlTe Oder verswei9ee Reece hand^lt; und 
Y und 2 die Bedeucungen gemAA AMpruch x bealezen* 



r 



7. Epothiload«rivae d«r Pormel 7 




OR* 0 

7 



wobtti R - H, Ci.4-Alkyl uad R^. R' 



•Acyl, Baasoyl. Ci-4-Tri«lkyl»ilyl, Benzyl, ?h«ayl, ci.«-Alkoxy. 
Cc'Alkyl*. Hydroxy- und halegcnsubatituiertea Bonsyl l?sw. 
Phenyl; aieh b«i d«a in d«n R««e«a •nchalbon«a ADqjrl- bsw. 
Aeylgruppcn ua gradkatciga odar verztraifta Raace handilti und 
Y und 2 dia Badautuagaa gamAfi Aaaprueh i baaiesan. 

B. varfahran xur Karatallung aiaaa Bpo«hilendarivaea dar Pomal 
7 gaffllft Anapruch 7, dadureh gaJraassaiehaae, daft man Bpothllon A. 
Bpothllon B. aln 3 -0K-gaach4t»taa Darirat daraalban o^ar ain 7- 
OH«gaaehaextaa Oariyat daraalban 
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(a) ensymaci«ch hydrolyoiert* inabeaondera mit ainer Saceraaa 
odar Llpaaat odmx 

(b) in alkaiiaeham Hadium hydrolyaiart, inabaaondara mie 
Hatriumhydroxid in ainam Mathanol/Waaaer-Oemiach, 

und daa Epothllondarivat d«r Formal 7 .gvwiiuic und iaoliert. 

9. Varfahran zur Haracallang ^iMB Epoehilonderivata dar Formal 
2 gamAft Anaprueh 2« dadureh gaAannaaiaAaae, daft man ain 
Epochilondarivac dar Formal 7 gemAA Anapruch 7 odar ala Produke 
dai varf ahrana gemAft Anapruch 8 

(a) nacb dar Yamaguchi*Hathoda odar 

(b) naeh dar Ceray-Mathode odar 
(e> nach dar Kallogg-Mathoda 

in daa Cpochilondarivat dar Formal 2 unwandalt und diaaea 
Umandlungaprodukc laollarc. 

10. Varfahran sur Karaeallung von Epothilon K und/oder 12.13- 
Biaapi-apothilon A, dadureh gakannsaichnatf dafi man Epothilon C 
epcxidiarc# inabaaondara mic pimachyldloxlran odar alaer 
ParaAura • 

11. Varfahran zur Haratellung von Epothilon B und/oder 12,13- 
Biaapi- epothilon dadureh gakannsaichnati daft man Epothilon D 
•poxidiart# inabaaondara mit Oimathyldloxiran odar ainar 

Para Aura • 

12. Mittal fAr dan Pflanzanachutz in dar LandwirtaehaCt und 
Forttwirtachaft und/odar im Oartanbau« baatahand aua einam odar 
mahraran dar Varbindungan gemAB ainam dar vorangahandan AnaprO- 
cha odar ainar odar mahraran diaaar varbindungan naben ainam 
odar mahraran flblichan TrAgartn) und/odar Vardannungamittai (n) . 

I 

13. TherapauCiachM Mittal. inabaaondara sum Binaata ala 
CytOBCatUum, baatahand aua alner odar mahrarar dar Vbrbindungan 
naeh ainam odar mahraran dar Anaprilcha 1 bia 7 odar ainar odar 



I 
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mehrerer der Vttrbindungen nach einem oder mahrftrftn d%T Anapr^che 
I bis 7 nebsn •Imri od«r mehreren Oblichen TrAg«r(n). und/od«r 
VerdOnnungsmltcal (n) . 



* 



. 34 . 



Zu««manfftisuna 



Di« vorll«««iMl« Etflndun* b«trif£t epothliOAdttrlvata und 
d«r«n v«rv«nduna* 



Received 



(1) 



In tht 



and* if 
P.O. bos 



(2) 



(3) 



(4) 



rui out 0ttfi7 
dif 
(I) 



if kBowa 



(5) 
(6) 

(7) 



(8) 



(9) 



m 



infi 



flfikt 

PA Or. Haas 0. Boeien 
c/o PAe Boeten A Bauer 
Bereiieruigor 15 
81 541 Munich 



Refcrcactol cht Appl^ 

(n 



20 



8371-GBF 



Ibt ndplnt li add <U to iht 

[ ] Applicaiit [x| Power of 
Attomey 



AppUcsot 

GeseUsciuft fUr Biotechno* 
logische Fonehung mbH 
(GBF) 

Mascheroder Weg 1 
38 124 



TelepkOM No. of tht Appll> 



65 00 86 



GERMAN PATENT OFHCE 



AppUcattoB 
for grandng a pateiil 



FQt No. (imatd by iht 
fttcBt OfHct) 

196 4 7 580.5 



November 18. 1996 



If 



M 



No. of 



Representattrt 

and 

PA Dipl. -Eng. Robert Bauer 
Dr. Enoo Meyer 



Nb. 



DcscripCioB of the iorcBtloB Ofm imt, 
Epoihilofie C axid D, preparation and meant 



codo No* 



Other appUcntioBi 

[ ] The tpplicadoa it la addiuae co Pm Apptictdan (n Ac ptteo) 
( ] Appiludaa for • fy>moiitinn of die TT^'-'tfimi (| 44 Puea Liw) 

( ] AppbenoD for seuth - detenBmdoa of piNidwd ifrrifi 
nuaia (| 43 of die Pitea Law) 

Supply of copies of die deiemBBd piiMirttioni in ( ) P«**nrrm 

( ] Defer Dicfli of (be rtrritiBB of giiuwf to Ricnhi 

(I 49 of SeedoB 2 of d» Pin Uw) (AfoDiM 75 mto yteM ite dtee 1^ 

o^i^itit bAw or ^nonrfjl 



[I 

[ I Inerend ia 
{ J Widi pr«r las 
(I 31. SecdQD 2, No. lofda 



hun dK PitES AppI 
liceaxi (imdnc oWii 



.widi (no 



of te 



Law) 



FUeNo.ef ttao 
dMOH 



(of 



fit No. of tht Wdri AppttBUtoa 



( I Dooene pmriy (dua. file No. of da prior 



M MO 



{ I Fofci^ pnofsy ( 



file No. of tto prior appfacaooB) 



Pajmcflt of fees In aa 



of DM 



[] 
(J 



(4 



AG. a 



I J No.: 



This Punc Applicaiioa wu received by die Paiem Office on die das shown by die perfomion (showing 11/20/96]. U 
hu iceemd dio file No. shown by *P*. 

This IBi Bonber is n he quoad on all comoninicanons according o die niles for making application. In case of 
payomt. pleasn inefaidi d» puipose to which it is to be applied. 
To be fllUd out ontf by the receiwig office: 

nTWaMi^MaamMofDII ift [FkM flov d» nfanen on d» rcvtrv ndi fepidiBS dB imad eoRr of Ap|ii» 



(UkgMti ftr da above 



leceivedhyta. Notifieadon of leceipc aiitady 



i$sued.| 



1 



I 



THIS PAGE BLANK (MSPTO) 



THIS PAGE BLANK (usfto) 



Confidential 

Our reference: 8371-GBF November 18, 1996/he 

Epothilone C and D, Preparation and Means 

The present invention concerns general epothilone derivatives and their use for the produc- 
tion of drugs. Especially, the present invention is concerned with the preparation of 
epothilone derivatives according to the general Formulas 1 to 7 given below, as well as with 
their use for the production of therapeutic agents and agents for plant protection. 




1 



■ 



4 




5 




6 




OR' w I 
OR* 0 
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In the above Fonnulas 1 to 7, the symbols have the foiiowing meanings: 

R = H, C,^-alkyl; 

R', R\ K\ R*. R^ = H. C.^alkyl. 

C,^-acyl-benzoyl, 

Cj^-trialkylsilyl, 

benzyl, 
. phenyl, 

C,.5-alkoxy-, 

C«-alkyi-, hydroxy and halogen-substimted benzyl or phenyl; 

■ 

also, two of the groups to may be combined to form the grouping '{CH^^- with n = 1 
to 6 and. the alkyl or acyl groups contained in the groups are either straight-chain or branched 
groups; 

Y and Z are either identical or different and can stand for hydrogen, halogens, such as F, 
CI, Br or I, pseudohalogens, such as -NCO, -NCS or -N3, OH, 0-(Ci^-acyl, 0-(CiJ-alkyl, 
0-benzoyl. Y and Z can also be the 0-atom of an epoxide, in which case, epothilone A and 
B are not claimed, or one of the C-C bonds can fomi a C=C double bond. 

In Formula 3, X generally stands for -€(0)-, -C(S)-. -S(0)-, -CR^R^-, where R^ and R^ have 
the meaning given above and -SiR2*, where R has the meaning given above. 

* 

In Formula 4, X stands for oxygen, NOR', N-NR*R^ and N-NHCONR*R', where the 
groups R' to R^ have the meaning given above. 

In Formula 5, X stands for hydrogen, C,.i,-alkyl, C,.,racyl, benzyl, benzoyl and cinnamoyl. 

With regard to epothilone A and B, let us refer to DE-A-41 38 042. Compounds according 
to general Foimnla 1 are accessible starting from epothilone A and B, as well as from their 
3-0- and/or 7-0-protected derivatives by opening the 12,13-cpoxide. When hydrogen halides 
are used for this purpose in a preferred nonaqueous solvent, the halofaydrins X =» Hal, Y = 
OH and Y a OH, Y * Hal are obtained. Protonic acids, for example, tohienesulfonic acid 
and trifluoroacetic acid, lead to 12,13-diols in the presence of water and then these are 



acylated subsequently according to standard methods (for example, with carboxyiic acid 
anhydrides and pyridine or triethylamine/DMAP) or are alkylated (alkyl halides and silver 
oxide). For this purpose, the 3- and 7-hydroxy groups can be protected temporarily as the 
formate (cleaved with NHj/MeOH) or p-methoxybenzyl ether (cleaved with DDQ). 

Compounds according to general Formula 2 are obtainable from epothilone A and B as well 
as from their 3-0- and/or 7-0-protected derivatives by reduction, for example, with NaBHi 
in medianol. If the 3-OH and/or 7-OH groups are protected reversibly during this process, 
after acylation or alkylation, and removal of the protecting groups, 5-0-monosubstituted, 3,5- 
or 5 J-O-disubstituted derivatives according to general Formula 2 can be obtained. 

Reactions of epothilone A and B with bifunctional electrophilic reagents, such as (thio)phos- 
gene, (thio)carbonyidimidazole [sic], thionyl chloride or dialkylsilyl dichlorides or bistriflates 
give compounds haying general Formula 3. The bases used as aids here can be pyridine, 
trialkylamine, optionally together with DMAP or 2,6-Iutidine in an aprotic solvent. The 3,7- 
acetals having general Formula 3 are formed by transacetalization, for example, of dimethyl* 
acetals, in the presence of an acidic catalyst. 

Compounds according to general Formula 4, obtained from epothilone A and B or from 
their 3-0- and/or 7-0-protected derivatives by ozonolysis and reductive processing, for 
example, with dimethyl sulfide. The C-16 ketones can then be converted to the oximes, 
hydrazones or semicarbazones according to standard methods known to the expert in the 
field. Furthermore, they are converted into C-16/C-17 olefins by the Wittig, Wittig-Homer, 
Julia or Petersen olefination method. 

The 16-hydroxy derivatives according to general Formula 5 are obtainable by reduction of 
the C-16 keto groiq>, for example, with aluminum hydride or borohydride. When the 3-OH 
and 7-OH gamps are protected correspondingly, they can be acylated or allQriated selective- 
ly. The liberatioQ of the 3-OH- and 7-OH groups is done, for example, with NHj/MeOH in 
the case of 0-fonnyl and with DDQ in the case of 0-p-methoxy benzyl. 
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The compounds having general Formula 6 are obtained from derivatives of epothilone A and 
B in which the 7-OH group is protected by acyl or ether groups, in which the 3-OH group 
is« for example, formyiated, meisyiated or tosylated and then eliminated by treatment with a 
base, for example, DBU. The 7-OH group can be liberated as described above. 

Compounds having general Formula 7 are obtained from epothilone A and B or from their 
3-OH- and 7-OH-protected derivatives by basic hydrolysis, for example, with NaOH in 
MeOH or MeOH/water. Preferably, the compounds having general Formula 7 are obtained 
from epothilone A or B or from their 3-OH- or 7-OH-protected derivatives by enzymatic 
hydrolysis, preferably with esterases or lipases. The carboxyl group can be converted into 
the ester by alkylation with diazoalkanes after protection of the 19-OH group. 

Furthennore, compounds having Formula 7 can be conveited into the compound having 
Formula 2 by lactonization according to the methods of Yamaguchi (trichiorobenzoyl 
chloride/DMAP), Corey (aldrithiol/triphenylphosphine) or Kellogg (omega-bromic ac- 
id/cesium carbonate). The corresponding methods can be found in Inanaga et al. in Bull. 
Chem. Soc. Japan, 52 (1979) 1989; Corey & Nicolaou in J. Am. Chem. Soc., 96 (1974) 
S614; and Kruizinga & Kellogg in J. Am. Chem. Soc., 103 (1981) S183. 

In order to prepare the compounds according to the invention, one can also start from 
epothilone G or D, and the derivatization methods described above can be used for derivati- 
zation here, too. The 1243-double bond can be hydrogenated selectively, for exampld, 
catalytically or with diimine; or it can be epoxidized, for example, with dimethyldioxiran or 
a per^cid; or it can be converted into the dihalides, dipseudohalides or diazides. 

Furthermore, the invention is concerned widi means for plant protection in agriculture, 
forestry and/or gardening, consisting of one or several of the epothilone derivatives described 
above or consisting of one or several of the epothilone derivatives described above in 
addition to one or several of the usual carrier(s) and/or diluent(s). 

t 

* 

Finally, the invention is concerned with therapeutic agents, consisting of one or several of 
the compounds listed above or of one or several of the compounds listed above in addition to 

9 
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one or several of the usual carrier(s) and/or (iauent(s). These agents can exhibit especially 
cytotoxic activities and/or cause immunesuppression and/or can be used for combatting 
malignant mmors, but they can especially pitferably be used as cytt>static agents. 

The invention is explained further and described by the description of a few selected practical 
exan^les. 

r w 

Examples 



English 



ations are used^ 
Also* the abbre 



Example 1: 
Compound la 

20 mg (0.041 mmole) of epothilone A is dissolved in 1 xnL of acetone, with 50 tiL (0.649 
mmole) of trifluoroacedc acid is added and the mixture is stirred overnight at SO^'C. For 
work-up, the reaction mixture is treated with 1 M pH 7 phosphate buffer and the aqueous 
phase is extracted four times with ethyl acetate. The combined organic phases are washed 
with saturated sodium chloride solution, dried over sodmm sulfate and the solvent is 
removed. The purification of the erode product is done with the aid of preparative layer- 

* 

chromatography (solvent: dichloromethane/acetone, 85:15). 

Yield: 4 mg (19%) isomer I 
4 mg (19%) isomer II 

Isomer I 

(dichloroiP ^fhana/aeet nne. jSilSY . 0.46 
Tg (Pilni)i ay - 3440 (m, b, Sch) , 294S (s, Sch) , 1734 

(v«), 1686 (ra), 1456 (m) , 1375 (w) . 1256 
(8, Sch), 1190 (w, b, Sch), 1071 (m, 
Sch). 884 (w), 735 (w) cm"^. 

Mg f?n/7Q mM)r m/a (%) - 493 (43 [M-H2OI*), 394 (47) . 306 (32) , 

206 (30), 181 (40), 166 (72), 139 (100), 
113 (19), 71 (19), 57 (24), 43 (24). 

10 



High resolution : CMHjjOgNS calculated: 493.2498 for [M-HjOJ* 

found: 493.2478 

Isomer II 

R i (dichloromethane/acetone, 85:15) : 0.22 

TR (Film) t ny - 3484 (S, b, Sch) , 2942 (vs, Sch) , 1727 

(vs) , 1570 (w) , 1456 (m) , 1380 (m) , 1265 
(s) , 1190 (w) , 1059 (n) , 975 M, cn'^. 

MS (20/70 eV) ; m/a (%) » 493 (21 [M-H2OI *) , 394 (12), 306 .(46), 

206 (37), 181 (63), 166 (99), 139 (100), 
113 (21), 71 (23), 57 (33), 43 (28) . 



Hi^h resolution ; CJi„O^S calculated: 493.2498 for [M-HjOl* 

found: 493.2475 



Example 2: 
Compound lb 

Epothilone A. 55 mg (0.111 mmole). is dissolved in 0.5 mL of tetraliydrofuran« O.S[sic] mL 
of 1 N hydrochloric acid is added and the mixture is stirred for 30 minutes at room tempoa- 
ture. Then 1 N phosphate buffer of pH 7 is added and the aqueous phase is extracted four 
times with ethyl acetate. The combined organic phases are washed with saturated sodium 
chloride solution, dried over sodhim sulfate and the solvem is removed. The purification of 
the crude product is done with the aid of preparative layer chromatography (solvent: 
dichloromethane/methanol. 90:10). Yield: 19mg(32%). 
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/ 

Rf (dicMoro wi'^t^f'ne/m ethanQl. 90: 10^ : 0.46 

IR fPtlm) i ny - 344X (s, br, Sch) , 2948 {a, Sch). 1725 

(vs, Sch), 1462 (m), 1381 (w) , 1265 (m) , 
1154 (w), 972 (m, br, Sch) cra'^. 

UV (Methanol) ; lambda^ (Ig epsilon) - 210 (4.29), 248 (4.11) 
nni. 

MS (20/70 eV) m/e (%) - 529 (13 [M^] } , 494 (10), 342 (38), 306 

(23),. 194 (32), 164 (100), 140 (31), 113 
(15), 57 (16). 



High resolution : Cj^O^CWS calculated: 529.2265 for [M^J, 

found; 529.2280 

Example 3: 
Compound Ic 

12-Chloro-13-hydroxy-epothilone A (lb), 25 mg (0.047 tnmole), is dissolved in 1 mL of 
dichloromethane, and then 29 mg (0.235 mmoie) of dimethyiaminopyridine, 151 fiL (1.081 
mmoie) of triethyiamine and 20 /xL (0.517 mmoIe) of 98% fomiic acid are added. The 
reaction mixture is cooled with ice/sodium chloride. After reaching -15 'C, 40 /iL (0.423 
mmoie) of acetic anhydride is added to the reaction mixture, followed by stining for 70 
minutes at -15'*C. Since the thin-layer chiomatogram did not show complete conversion, 
another 6 mg (0.047 mmoie) of dimethylaminopyridine, 7 nL (0.047 mmoie) of triethyi- 
amine, 2 nL of 98% formic acid (0.047 mmoie) and 4 (0.047 mmoie) of acetic anhydride 
are added to the reaction mixture, followed by stining for 60 minutes. For work-up, the 
reaction mixmie is heated to room temperature, 1 M phosphate buffer widi pH 7 is added 
and the aqueous phase is extracted four times with ethyl acetate. The combined organic 
phases ate washed widi saturated sodmm chloride solution, dried over sodium sulfate and the 
solvent is removed. The purification of the crude product is done witii die aid of preparative 
laver chromatoeianhv (solvent: dichloromethane/acetone. 90: 10). Yield: 5mg(18%). 



12 



1 



(Dichloro n^gfhana/a cetone. 90-10) : 0.67 

{?Xlm) f ny • 3497 (w, b, Sch) , 2940 (s, b, Sch) , 172S 

(vs) , 1468 (m, b, Sch) , 1379 (m) , 1265 
(S), 12S3 (s). 1175 (vs), 972 (m, h, 
Sch) , 737 (s) cm"^ 

f2Q/7Q ^V) ; m/e {%) - 613 (9.[M*1 ), 567 (43), 472 (63), 382 

(23), 352 (21), 164 (100), 151 (33), 96 
(31) , 69 (17) , 44 (26) . 



High resolutioii : QjHmOsNSCI calculation: 613.2112 for [M^] 

found: 613.2131 

Example 4: 
Compound Id 

10 mg (0.020 mmole) of epothilooe B is dissolved in 0.5 mL of tetrahydrofuran, then O.S 
mL of 1 N hydrochloric acid is added and the mixture stiiied for 30 minutes at room 
temperature. Then 1 M phosphate buffer at pH 7 is added and the aqueous phase is 
extracted 4 times with ethyl acetate. The combined organic phases are washed with saturated 
sodium chloride solution, dried over sodium sulfate and freed from solvent. The purification 
of the crude product is done with the aid of preparative layer chromatography (solvent: 
dichloromethane/acetone, 85: IS). 
Yield: 1 mg (9%) 

rPichlorome rhW/^^^^ 0.38 

Mg f2Q/7Q mV) t m/« (%) - S43 (3 (M*l), 507 (14), 320 (19), 234 

(9), 194 (17), 182 (23).. 164 (100), 140 
(22), 113 (14), 71 (13). 
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High resolution : C27H42O6NSCI 



calculated: 
found: 



543.2421 for [M*] 
543.2405 



Example 5: 
Compound 2a 

Epothilone A, 100 mg (0.203 mmole), is dissolved in 4 mL of tetrahydroftiran/l M phos- 
phate buffer, pH 7 (1:1) and sodium borohydride (150 mg = 3. 965 mmole) is added until 
the thin-layer chromatogram shows that the staning material reacted completely. Then the 
mixture is diluted with 1 M phosphate buffer. pH 7 and the aqueous phase is extracted four 
times with ethyl acetate. The combined organic phases are washed with sanirated sodmm 
chloride solution, dried over sodium sulfate and the solvent is removed. The purification of 
the crude product is done by silica gel chromatography (solvent: dichloromethane/acetone, 
95:5 - in 5 steps to dichloromethane/acetone, 85d5). 
Yield: (20%) 



R. fPichloromethane/acetone. 75:25) : 0.27 



ny - 3413 (3, b, Sch) , 29$5 (vs, Sch) , 1734 

(vs), 1458 (m, b, Sch), 1383 (ra, Sch), 
1264 (a, b, Sch), 1184 (m, b, Sch), 1059 
ia, Sch), 966 (s), 885 (w) , 737 (ra) cm"^ 

MS f 20/70 av'> : m/e (%) - 495 (5 (M*n, 477 (8), 452 (12), 394 

(9), 364 (16), 306 (49), 194 (19), 178 
(35), 164 (100), 140 (40), 83 (21), 55 
(27) .. 



Hiyh resolution: Cj^fit^S 



calculated: 495.2655 for [M"] 
found: 495.2623 



Example 6: 

Compound 3a-d (a-d are stenoisiomm) 

Epothilone, 100 mg (0.203 mmole) is dissolved in 3 mL of pyridine, with 50 ijiL (0.686 
mmole) of thionyl chloride added and the mixture is stirred for 15 minutes at room tempera- 
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ture. Then, 1 M phosphate buffer* pH 7, is added and the aqueous phase is extracted four 
times with ethyl acetate. The combined organic phases are washed with saturated sodium 
chloride solution, dried over sodium sulfate and the solvent is removed. The purification of 
the crude product and separation of the four stereoisomers 3a*d is done with the aid of 
preparative layer chromatography (solvent: toluene/methanoi, 90:10). 

C(Hnpound 3a 

Yield : 4 mg (12%) 



R. rtoluene/methanol. 90:1Q> : 0.50 




ny 




2961 (m, b, Sch), 1742 (vs) , 1701 (vs) , 
1465 (m. Sch), 1389 (m, Sch) , 1238 (s, 
Sch). 1210 (vs, Sch), 1011 (s, Sch), 957 
(S, b, Sch) , 808 (m, sch) , 768 (s, Sch) 
cm" ^ 

(ig epsiion) » 2i0 (4. SO), 248 (4.35) 



nra. 



f?n/7Q gV) : m/e {%) - 539 (40 [M*l ) , 457 (22), 362 (16), 316 

(27), 222 (30), 178 (30) . 164 (100), 151 
(43), 96 (38) , 69 (29), SS (28), 43 (20) . 




: CmHjtOtNSj calcuUted: 539.2011 for [M*] 



Compound 3b 
Yield : 14 mg (13%) 
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R, rtoluene/m efhanoK 90: WY 0.44 



(g-ilmtt ny 



2963 (s, br, Sch), 1740 (vs) , 1703 (s) , 
1510 (w), 1464 (m, br, Sch) , 1389 (ra, 
Sch), 1240 (s, br, Sch) , 1142 (m) , 1076 
(w) , 1037 ivt) , 1003 (m), 945 (s, br, 
Sch) , 806 (m, Sch) , 775 (s) , 737 (m) cm 



tlV fMethanaH ♦ lambda^^ (I9 epsilon) - 211 (4.16), 250 (4.08) 

nm. 

MS f20/70 eV)r m/e (%) - 539 (27- [M*] ) . 475 (17), 322 (41), 306 

(67), 222 (16), 206 (17), 194 (19), 178 
(32), 164 (100), 151 (33), 125 (18), 113 
(15), 96 (39), 81 (23), 64 (58), 57 (42), 
41 (19). 

Hiph resolution : C26HJ7O7NS2 calculated: 539.2011 for [M*] 

found: 539.1998 



Compound 3c 

Yield ; 4 mg (4%) 

R, ftoluene/roethanol. 90:10> : 0.38. 

MS (20/70 gV) « m/« (%) - 539 (51 (M*l ) , 322 (22) , 306 (53), 222 

(36), 178 (31), 164 (100), 151 (41), 96 
(25), 81 (20), 69 (26). 55 (25), 41 (25). 



High resoiution : CmBjANSj calculated: 539.201 1 for [M*l 

found: 539.2001 
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Compound 3d 

Yield : lmg(l%) 



Rf rtoluene/methanol. 90:10V . 0.33 

MS (20/70 eV) : m/e (*) • 539 (69 (M*] ) , 322 (35), 306 (51), 222 

(41), 178 (31), 164 (100), 151 (46), 96 
(31), 81 (26), 69 (34), 55 (33), 41 (35), 



resolution : C16HJ7O7NS2 



calculated: 539.201 1 for [M"] 
found: 539. 1997 



Example 7: 
Compound 4a 

Epothiione A, 10 mg (0.020 nunole), is dissolved in 2 mL of dichloromethane, cooled to 
-70 "C and then treated with ozone for 5 minutes until a weak blue coloration develops. The 
resulting reaction mixture is dien treated with 0.5 mL of dimethyl' sulfide and heated to room 
tempcramre. In the work-up, the solvent is removed from the reaction mixture and finally 
the product is purified with preparative layer chromatography (solvent dichloromethane/ace- 
tone/methanol. 85:10:5). 



Yield : 5 mg (64%) 



Rf rPichlorome 




ny 



anol. 85:10:5^ 0.61 



3468 (», br. Sch) . 2947 (s, br. Sch) , 
1734 (vs, Sch), 1458 (w) , 1380 (w) , 1267 



(w), 11S7 (w), 1080 (w), 982 (w) cm 



-1 




lambda^ (Ig epsilon) - 202 (3.53) nra. 



> 398 
(17), 
(34), 
(SO) . 



(2 [M*]), 380 (4), 267 (14), 249 
211 (20), 193 (26), 171 (34), 139 
111 (40), 96 (100), 71 (48), 43 
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High resolution ; CjjHaA calculated: 398.2305 for [M*] 

found: 398.229S 

Example 8: 
Compound 6a 

3J-Di-0-fonnyl-epothilone A, 10 mg (0.018 mmole), is dissolved in 1 mL of dicWorometh- 
ane, 27 fiL (0.180 mmole) of l,8-diazabicyclo[S.4.0]undec-7-ene (DBU) is added and the 
mixture stirred at room temperature for 60 minutes. 

For work-up, the reaction mixture is treated with. 1 M sodium dihydrogen phosphate buffer, 
pH 4.5, and the aqueous phase is extracted four times with ethyl acetate. The combined 
organic phases are washed with saturated sodium chloride solution, dried over sodmm sulfate 
and the solvent is removed. After elimination of the solvent, the resulting cmde product is 
dissolved in 1 mL of methanol, treated with 200 liL of ammoniacal methanol solution (2 
mmole of NHs/mL of methanol) and stirred overnight at room temperature. For work-up, 
the solvent is removed in vacuum. 

T 

Yield : 4 mg (22%) 

* 

Rf fPichloromethane/ac etone. 85:15'): 0.46 

IR (Film) ! ny - 3445 {v, br, Sch) , 2950 (vs, br, Sch) , 

1717 (V3, Sch), 1644 (w), 1466 (m, Sch), 

1370 (m, SCh), 1267 (s, br, Sch), 1179 
(a, Sch) , 984 (s, Sch) , 860 (w) , 733 (m) 
cra*^ 

fTV (Meehanel) t lambdaaix epsilon) ■ 210 (4.16) nm. 

MS f 20/70 eV) i m/e (%) • 475 (28 (M*] ) , 380 (21), 322 (37), 318 

(40), 304 (66), 178 (31), 166 (100), 151 
(29), 140 (19), 96 (38), 81 (20), 57 
(26i. 
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High resolution : CieHsTOjNS calculated: 475.2392 for [M*] 

found: 475.2384 

Example 9: 
Compound 6b 

3,7-Di-O-fomiyl-epothilone A, 50 mg (0.091 mmole), is dissolved in 1 mL of dichloroeth- 
ane, 2 mL (0.013 mole) of l,8-diazabicyclo[5.4.01undec-7-ene (DBU) is added and the 
mixture stirred for 12 hours at 90'C. 

For work-up, the reaction mixture is treated with 1 M sodium dihydrogen phosphate buffer, 
pH 4.5, and the aqueous phase extracted four tunes with ethyl acetate. The combined 
organic phases are washed with saturated sodium chloride solution, dried over sodium sulfate 
and the solvent removed. The purification of the crude product, which consists of two com- 
pounds, is done with the aid of preparative layer chromatography (solvent: dichloromethane- 

/acetone, 90:10). 
lisid: 7mg(15%) 
Substance code 

R, (Dichloromethane/acet one. 90: 1Q>: 0.62 

ft 

IR fFllm) ! ny. - 2951 (tn, br, Sch) , 1723 (vs) , 1644 <w, 

br; Sch), 1468 '(w), 1377 (w) , 1271 (m, 

br, Sch), 1179 (3), 987 (m. br, Sch), 735 
(w, br, Sch) cm'^. 

T7V (Mgghanol). la iB bda a aat (Ig epsilon) - 210 (4.44) nra. 

MS f 20 770 ftVl ; m/e (%) - 503 (68 (M*] ) , 408 (58), 390 (32), 334 

(25) , 316 (34), 220 (21), 206 (27), 194 

(26) , 181 (33), 164 (100), 151 (34), 139 
(28), 113 (20), 96 (82), 81 (33), 67 
(24), 55 (26), 43 (23). 
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High resolution : C„H370jNS calculated: 503.2342 for [M*] 

found: 503.2303 

Example 10: 
Compound 6c 

3,7-Di-O-acetyl-epothilone, 5 mg (0.009 mmole), is dissolved in 1 mL of methanol, ISO fiL 
of an ammoniacal methanol solution (2 mmoie of NHj/mL of methanol) is added and the 
mixture stirred overnight at SO'^C. 

For work-up, the solvent is removed in vacuum and the crude product is purified with the aid 
of preparative layer chromatography (solvent: toluene/methanol, 90:10). 

Yield : 3 mg (67%) 

I 

4 

IL f Dichloromethane/acetone. 90; IGS : 0.55 

IR (Film) ! ny - 2934 (s, b. Sch) , 1713 (vs, b, Sch) , 1641 

(m) , 1460 (m, Sch), 1372 is, Sch), 1237 
(vs, b, Sch), 1179 (s, Sch), 1020 (s) , 
963 (s, Sch), 737 (vs) cm"^. 

UV (Mechanol) i lambda,n^ (Ig epsilon) ■ 210 (4.33) nm. 

MS (20/70 eV) : m/e (%) - 517 {S7 [M*l ) , 422 (58), 318 (31), 194 

(20), 181 (34), 166 (100), 151 (31), 96 
(96), 81 (32), 69 (27), 55 (29), 43 (69). 

* 

Hiyh resolution : C^^^S calculated: 517.2498 for [M*] 

found 517.2492 

Example 11: 
Compound 7a 

Epothilone, 20 mg (0.041 mmple). is dissolved in 0.5 mL of metbanoU 0.5 mL of 1 N 
sodium hydroxide is added and the mixture stined for 5 minutes at room temperature. 
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For work-up, the reaction mixture is treated with 1 M phosphate buffer, pH 7, and the 
aqueous phase is extracted four times with ethyl acetate. The combined organic phases are 
washed with saturated sodium chloride solution, dried over sodium sulfate and the solvent is 
removed. The purification of the crude product is done with the aid of preparative layer 
chromatography. (Solvent: dichloromethane/methanol, 85:15). 

w 

Yield ; U mg (52%) 



R. (Dichlorom ethane/methanol. 85:15^: 0.92 



ny 



3438 (s, br. Sch) , 2971 (vs, br, Sch) , 
1703 (vs) , 1507 (m), 1460 (s, Sch) , 1383 
(m, Sch) , 1254 (w) , 1190 (w, br. Sch) , 
1011 (w, br, Sch), 866 (w, br) , 729 (s) 
cm'^ 



MS (2P/7g eV) ; tn/e (%} • 423 (0.1 [M***] ) , 323 (4), 168 (89) , 140 

(100), 85 (31), 57 (67) . 



High resolution : CaHj704NS 



calculated: 423.2443 for [M"] 
found: 423.2410 



Example 12: 
Compound 7b 

5 mg (0.009 mmole) of 7-0-acetyl-epothilone is dissolved in 1 mL of methanol, 200 liL ol 
an ammoniacai methanol solution (2 mmole of NIVmL of methanol) is added and the 
mixture is stirred for 2 days at 50*C. For work-up, die solvent is removed in vacuum. T 
purification of the crude product is done with the aid of preparative layer chromatography 
fsolvent: toluene/methanol, 90:10). 



Yield : 3 mg (59%) 
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R r fDichloro n^ythane/methann], QOAOV 0.63 

TR (Film) t ny • 3441 (m, b, Sch) , 2946 (s, Sch) , 1732 

(vs) , 1600 (w) , 1451 (m) , 1375 (m) , 1246 
(s, b, Sch) , 1013 (m, b, Sch) cm*^ 

■ 

rn/ (Mgchanol) : lambda^ (Ig epsilon) • 211 (3.75), 247 (3.59) 
nm. 

/^Q/70 sV) r m/e {%) = 557 (1 [M*] ) , 465 (4), 422 (7), 388 

(5), 194 (5), 182 (7), 168 (65), 164 
(17)/ 140 (100), 97 (10), 71 (22), 43 
(27). 

Hi yh resolution : C29H4sO|NS calculated: 567.2866 for [M*J 

found: 567.2849 

• ■ 

Example 13: 

Epothilone A, 50 mg, is dissolved in 20 itL of dimethyl sulfoxide and diluted with 30 mL of 
phosphate buffer (pH 7.1, 30 mM). After addition of 5 mg of pig liver esterase (Boehringer 
Mannheim), the mixture is stirred for 2 days at 30'C. It is acidified with 2 N HCi to pH 5 
and the epoihilonic acid 7 is extracted wiUi ethyl acetate. The organic phase is dried with 
sodium sulfate and evaporated to dryness in vacuum. Yield 48 mg (96%). 

ft 

Example 14: 

Epothilonic acid 7, 48 mg. is dissolved in 6 mL of absolute THF and 40 of triethylamine 
and 16 ftL of 2,4,6-tridilorobeiizoyl chloride arc added under stirring. After 15 minutes, the 
precipitate is fUtered off and, within 15 minutes, under rapid stirring, it is added dropwisc to 
a boUing solution of 20 mg of 4-dimethylaminopyridine in 200 mL of absolute toluene. 
After another 10 minutes, the mixnue is evaporated in vacuum and die residue is partitioned 
between ethyl acetate/citrate buffer (pH 4). The evaporation residue of the organic phase 
gives 15 mg of epodiilone A after preparative HPLC separation. 
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Example 15: 

Epothilone C and D as starting compounds 

A. Production stock and culture conditions corresponding to tlie basic epothilone patent 

B. Production with DSM 6773 

A culture, 75 L, is raised as described in the basic patent and was used for inoculating a 
production fennenter with 700 L of production medium consisting of 0.8% starch, 0.2% 
glucose, 0.2% soy meal, 0.2% yeast extract, 0.1% CaCl2-2H20, 0.1% MgS04-7HiO, 8 
mg/L of Fe-EDTA, pH = 7.4 and optionaUy IS L of adsorbent resin Amberlite XAO-16. 
The fermentation tates 7-10 days at 30'C, aeradon with 2 m' of air/hour. The pOj H kept 
at 30% by adjusting the rate of rotation. 

C. Isolation 

The adsorber resin is separated from the culture with a 0.7 m^, 100 mesh process filter and 
the polar accompanying sutetance is removed from it by washing with 3 bed volumes of 
water/methanol 2:1. Upon elution with 4 bed volumes of methanol, a crude extract is 
obtained, which is evaporated in vacuum until the appearance of the water phase. This is 
extracted three times with the same volume of ethyl acetate. Evaporation of the organic 
phase gives 240 g of cnide extract, which is partitioned between methanol and heptane in 
order to remove any lipophilic accompanying substances. Thus, 180 g of raffinate is 
obtained from the methanol phase by evaporation in vacuum; this is fractionated into three 
portions on Sephadex LH-20 (volume 20 x 100 cm, 20 mL/min methanol). The epothilones 
are contained in the fraction eluted with a retention time of 240-300 minutes, a total amount 
of 72 g being obtained. To separate the epothilones, the product is chromatographed in diree 
portions on Lichrosorb RP-18 (15 /tm, column 10 x 40 cm, solvent 180 mUminute metha- 
nol/water 65:35). After epothilone A and B, epothilone C is eluted with - 90-95 minutes 
and epothilone D widi 100*110 oiinutes and after evi^ration in vacuum, they are obtained 
as colorless oils, each in an amount of 0.3 g. 
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D. niysical properties 

R 




Epothilone C R = H 
EpothiUone D R = CH, 

Epothilone C 
CzfiHj^OjS [477] 

ESI-MS: (positive ions): 478.5 for [M+H]* 
'H and '^C see NMR table 
TLC: Rf = 0.82 

TLC-aluminum foil 60 F 254 Merck, solvent: dichloromethane/metbanoi » 9: 1 
Detection: UV extinguishing at 254 nm. Spraying with vanillin-sulfuric acid reagent, 

« 

blue-gray coloration upen heating to 120^0. 

■ 

HPLC: R,: 11.5min 

Column: Nucleosil 100 C-18 T/tm, 125 x 4 mm 
Solvent: methasol/water » 65:35 
Flow rate: 1 mL/min 
Detection: diode array 
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EpothiloneD 
C27H4,N05S [4911 

ESI-MS: (positive ions): 492.5 for [M+H]* 

and "C. see NMR table 
TLC: Rf = 0.82 

TLC-aluminum foil 60 F 254 Merck, solvent: dichloromethane/methanol — 9: 1 

« 

Detection: UV extinguishing at 254 nm. Spraying with vanillin-suifuric acid reagent, 

blue-gray coloration upon heating to 120^C. 

HPLC: Rt « 15.3 min 

Column: Nudeosil 100 C-18 7fim, 125 x 4 mm 
Solvent: methanol/ water = 65:35 
Flow rate: 1 mL/min 
Detection: diode array 
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Table: 'H and ''C-NMR data of epothilone C and epothilone D in [D^ DMSO at 300 MHz 





CpOlQliOIlC \^ 






cpotoiione D 








K 






0 


c-ACcn 


w 
O 




(DDflU) 




(ppm) 








. 




1 


170.3 




1 


170.1 


2 -Ha 


2.3S 


2 


38.4 


2.35 


2 


39.0 


2-Hb 


2. SO 


3 


71.2 


2.38 


3 


70. a 


3-K 


J. 97 


4 


S3.1 


4.10 


4 


§3.2 


3 -OH 


S.12 


5 


217.1 


5.08 


5 


217.4 


6-H 


3.07 


6 


45.4 


3.11 


6 


44.4 


7-H 


3.49 


7 


75.9 

• 


3.48 


7 


75.5 


7.0H 


4.46 


8 


35.4- 


4.46 


8 


36.3 


8-H 


1.34 


9 


27.6 


1.29 


9 


29.9 


9 -Ha 


1.15 


10 


30.0 


1.14 


10 


25.9 


9-Hb 


1.40 


11 


27.6 


1.38 


11 


31.8* 


io*Ha 


1.15* 


12 


124.6 


1.14* 


12 


138.3 


10-Hb 


1.3S* 


13 


133.1 


1.35* 


13 


120.3 


11-Ka 


1.90 


14 


31.1 


1.75 


14 


31.6* 


ii-Hb 


2.18 


IS 


76.3 


2.10 


15 


76.6 


12-K 


5.38*» 


16 


137.3 




16 


137.2 


13-H 


S.44«* 


17 


119.1 


S.08 


17 


119.2 


I4-Ha 


2. 35 


18 


152.1 


2.30 


18 


152.1 


14 -Kb 


2.70 


19 


IIT. 7 


2.6S 


19 


117.7 


IS-K 


5.27 


20 


164.2 


• 5.29 


20 


164.3 


17-H 


6.50 


21 


18.8 


6. SI 


21 


18.9 


19-H 


7. 35 


22 


• 

20.8 


7.35 


22 


19.7 


21-Kj 


2 . 65 








23 


22. S 


22-H} 


0.94 


24 


16.7 


0.90 


24 


16.4 


23 -H, 


1.21 


2S 


18.4 


1.19 


25 


18.4 


24-H, 


l.OC 


27 


14.2 


1.07 


26 


22.9 


2S-K> 


0.90 






0.91 


27 


14.1 


2S-H, 








1.63 






27-H, 


2.10 






2.11 







*, ** Assigmnent inteichangeabte. 
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Example 15: [This should be Example 16] 

Epothilone A and 12»13-bisepi-epothilone A from epothilone C 

* 

Epothilone A, 50 mg, is dissolved in 1.5 mL of acetone and 1.5 mL of a 0.07 molar solution 
of dimethyldioxiran in acetone is added. After standing for 6 hours at room temperature, it 
is evaporated in vacuum and separated by preparative HPLC on silica gel (solvent: methyl- 
tert. butyl ether/petroleum ether/medianol 33:66:1). 

Yield: 

25 mg epothilone A» Rt = 3.5 min (analyt. HPLC, 7 ^m, colunm 4 x 250 nun, solvent see 

above, flow rate 1.5 mL/min) 

and 

20 mg of 12.13-bisepi-epothilone A, R, = 3.7 min, ESI-MS (positive ions) 
m/z = 494 [M+H]* 

'H-NMR in [DJ methanol, selected signals: 

A a 4.32 (3-H). 3.79 (7-H), 3.06 (12-H), 3.16 (13:H), 5.54 (15-H), 6.69 (17-H). 
1.20 (22-H). 1.45 (23-H). 



R 




• 12,13-bisepi-epothiloiie A R « H 
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Patent Claims 
1 . Epothilone derivative having Fonnuia 1 




1 

where R = H. CM-alkyi; R^ = H. C,^-alkyl. Ct^acyl. benzoyl, C,^-trialkylsilyl. 
ben2yl, phenyl, Ct^-alkoxy, Q*alkyl-, hydroxy- and halogen-substimted benzyl or phenyl; 
and the alkyl and acyl groups in these groups are straight-chain or branched groups and Y 
and Z are either the same or different and stand for hydrogen, halogen, pseudohalogen, OH, 
0*(C|^-acyl, 0-(Ci^-alkyl or Obenzoyl or together form the 0-atom of an epoxide or one 
of the C-C bonds form a C =C double bond, where epothilone A and B are excepted. 

2. Epothilone derivative having formula 2 




2 
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where R = H, CM-aUcyl; R*. R^ R^ = H, Ci^allcyl, Cj^-acyl, benzoyl, Ci^-trialkylsUyl. 
benzyl, phenyl, Ci^-alkoxy-, C^-alkyl-, hydroxy- and halogen-substituted benzyl or phenyl; 
the alkyi and acyl groups contained in these groups are straight-chain or branched groups and 
Y and Z have die meaning according to Claim 1. 

3. Epothilone derivative according to formula 3 

R 




3 

where R = H. C,^-alkyl; R». R* « H. Ci^-alkyl. C,^acyl, benzoyl, CM-trialkylsUyl, 
benzyl, phenyl. C,^-alIcoxy-, Q-alkyl-. hydroxy-, and halogen-substituted benzyl and phenyl; 
the aikyl and acyl groups contained in these groups are straight-chain or branched groups and 
X stands generally for -€(0)-. -C(S)-, -S(0)-, -CR'R'- and -SiRa-, where R, R' and R* have 
the meaning given above and R* and R* togeflier can also form an alkylenc group widi 2 to 6 
carbon atoms; and Y and Z have die meaning according to Claim 1. 

4. ^wthilone derivative according to formula 4 




4 
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where R = H, C,^-aikyl; R», R», R', R*. R« = H, C,^alkyl, C,^acyl, benzoyl, C,^- 
trialkylsilyl, benzyl, pheiqrl, Ci^-alkoxy-, Ce-alkyl-. hydroxy- and halogen-substituted benzyl 
or phenyl; the alkyi and acyl groups contained in these groups are straight-chain or branched 
groups; X stands for oxygen, NOR', N-NR*R', and N-NHCONR*R*, where the groups R' to 
have the meaning given above and R^ and R' together can form an alkylene group with 2 
to 6 carbon atoms; and 

Y and Z have the meaning according to Claim 1. 
5. Epothilooe derivative having foimula 5 



R 




5 

where R = H. C,^-alkyl; R*, R* = H, C,^alkyl, C,^acyl, benzoyl, CM-trialkylsUyl, 
benzyl, phenyl, C,^-alkoxy-, Cj-alkyl-, hydroxy- and halogen-substituted benzyl or phenyl;' 
the aikyl and acyl groiq)S contained in these groups are straight-chain or branched groups and 
X stands for hydrogen, C,.u-alkyl. C,.iracyl, benzyl, benzoyl and cinnamoyl and 
Y and Z have the miming according to Qaim 1. 
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6. Epothilone derivative according to formula 6 




6 

in which R - H. C^-alkyl and R' » H. C,^alkyl. C,^acyl, benzoyl. Ct^-trialkylsilyl, 
ben^I, phei^U Ct^alkoxy«, C«-alkyl-, hydroxy- and halogen-substituted benzyl or phenyl; 
the alkyl and acyl groups contained in these groups are straight-chain or branched groups; 
and Y and Z have the meanii^ given in Claim 1. 



7. Epothilone derivative according to formula 7 




OR w I 

R^OOC^'^Y'^V^ 

OR* 0 



7 

in which R » H. Q^alkyl; and R', K\ R'. » H. C,^-alkyl, Cj^acyl, benzoyl, 
trialkylsilyl, benzyl, phenyl, Ci^-alkoxy-, CValkyl-, hydroxy- and halogcn-substiiut 
or phenyl; the all^l and acyl gpjopi contained in these groups are straight-chain or 
croups; and Y and Z have the meaning according to Claim 1. 
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8. Method for the preparation of an epothilone derivative having formula 7, according to 
Claim 7. charaaerized by the fact that epothilone A, epothilone B, a 3-OH-protected 
derivative of these or a 7-OH-protected derivative of these is 

(a) hydroiyzed enzymatically, especially with an esterase or lipase, or 

(b) is hydroiyzed in an alkaline medium, especially with sodium hydroxide, in a metha- 
nol/water mixture, and the epothilone derivative having formula 7 Is obtained and isolated. 

9. Method for the preparation of an epothilone derivative having formula 2, according to 
Claim 2, charaaerized by thefaa that an epothilone derivative having formula 7, according 
^0 Claim 7, or as product of the method according to Claim 8, is converted into the epothi- 
lone derivative having formula 2 according to 

(a) the Yamaguchi method or 

(b) the Corey method or 

(c) the Kellogg method 

and then this conversion product is isolated. 

■ 

10. Method for the preparation of epothilone A and/or 12, 13-bisepi-epothilone A, 
characterized by the fact that epothuone C is epoxidized, especially with dimethyl dioxiran or 
a peracid. 

11. Method for the preparation of epothilone B and/or 12, 13-bisepi-epothilone B, 
characterized by the fact that epothilone D is qpoxidized, especially with dimethyldioxiran or 
a peracid. 

12. Means for plant protectum in agticultuie and forestry and/or in gardening, consisting 

- of one or seven! of die compounds according to one of the previous Claims, or according to 
one or several of these conqwunds togedier widi one or several usual carrier(s) and/or 
diluent(s). 

13. Therapeutic agent, especially for use as cytostatic agent, consisting of one or several 
of the compounds according to one or several of Gaims 1 to 7, or one or several compounds 
according to one or several of Claims 1 to 7 togedier with one or several of die usual 
carrier(s) and/or diluent(s). 
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Summary 

I 



The present invemion is concerned with epothilone derivatives and their application. 
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